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Abstract
Background—Over the past decade, quality improvement (QI) has become a major focus in 
advancing the goal of improving performance of local health departments (LHDs). However, 
limited empirical data exists on the current implementation of QI initiatives in LHDs and factors 
associated with adoption of QI initiatives.
Objectives—(1) To examine the current implementation of QI implementation initiatives by 
LHDs and (2) to identify factors contributing to LHDs’ decision to implement QI initiatives.
Methods—In this study, a novel theoretical framework based on analysis of QI in medicine was 
applied to analyze QI by LHDs. LHDs’ QI adoption was assessed by the number of formal QI 
projects reported by LHDs that responded to module 1 of the 2010 National Profile of Local 
Health Department Study (Profile Study) conducted by the National Association of County & City 
Health Officials. The Profile Study data were merged with data from the Health Resources and 
Services Administration’s Area Resource Files and the Association of State and Territorial Health 
Officials’ 2010 Survey. Logistic regression analyses were conducted using Stata 11 SVY 
procedure to account for the complex sampling design.
Results—The Profile Study data indicated that about 73% of the LHDs reported implementing 1 
or more QI projects. LHDs with large jurisdiction population (>50 000), higher per capita public 
health expenditure, a designated QI staff member, or prior participation in performance 
improvement programs were more likely to have undertaken QI initiatives.
Conclusion—According to the Profile Study, more than a quarter of LHDs surveyed did not 
report implementing any formal QI projects. Greater investments in QI programs and designation 
of QI staff can be effective strategies to promote QI adoption. The validity of the definition of a 
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formal QI project needs to be established. More research to identify the barriers to successful QI 
implementation at LHDs is also needed.
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Over the past 2 decades, various initiatives have been undertaken to promote quality 
improvement (QI) at local health departments (LHDs).1–6 The Public Health Accreditation 
Board was established in 2007 to manage and promote a national voluntary accreditation 
program for state, tribal, local, and territorial public health departments, a central tenet of 
which is continuous QI.7 National organizations have developed materials and initiatives to 
promote QI, such as the Association of State and Territorial Health Officials’ (ASTHO’s) 
accreditation and performance improvement guide for state health agencies. In addition, the 
federal government implemented the National Public Health Improvement Initiative, a 
cooperative agreement program beginning in 2010 that is intended to institutionalize QI in 
73 state, tribal, local, and territorial public health agencies.8 In recent years, QI and 
accreditation have become part of a national focus to advance the quality and performance 
of public health and improve population health.6,9,10
Quality improvement, along with voluntary accreditation, is critical to improving the 
performance of state and local public health agencies.11,12 Operational definition of QI in 
public health has recently been developed.9,13 Nationwide efforts such as the National 
Public Health Improvement Initiative, which facilitates training and capacity building for 
state, tribal, local, and territorial departments in the areas of performance management and 
QI have been implemented in the last 4 years.14 Quality improvement initiatives, however, as 
a necessary tool for continuous improvement of effectiveness and efficiency of public health 
systems, are still new to the culture of public health practice and management. The barriers 
and drivers of QI implementation in public health are not well known or understood. 
Extending from prior research,7,14–18 this study applied a QI implementation model from the 
medical field to assess the factors impacting QI by LHDs. A systemic application of 
conceptual framework for QI not previously used in public health could help better 
understand and identify the factors that influence the adoption of QI initiatives by LHDs. 
Moreover, using a recent national survey LHDs in 2010, this study provided an update of QI 
at LHDs from previous studies14,16,18 that used earlier data from the National Profile of 
Local Health Department Study (the Profile Study).19 By applying a novel theoretical 
framework based on analysis of QI in medicine to public health, the study makes a new 
contribution to existing literature on the topic. The objective of this study was to establish a 
new baseline for the current status of implementation of QI initiatives at the LHD level and 
explore barriers and facilitators for adoption of LHDs’ QI initiatives. A better knowledge of 
which factors contribute to QI implementation will help design more effective strategies to 
facilitate QI adoption at LHDs.
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Conceptual Framework
Quality improvement as a strategy to achieving better health outcomes has been embraced 
by the medical community much earlier than public health.20 Thus, it was decided to 
incorporate prior experiences in QI from the medical sector in developing a QI adoption 
framework for public health. In this study, we followed the QI implementation framework in 
clinical service settings proposed by Alexander and Herald,20 which is based on the 
Consolidated Framework for Implementation Research developed by Damschrode and 
colleagues,21 and provides a more integrative framework. The major strength of the 
Alexander and Herald (AH) framework is that it is based on the synthesis of existing 
literature on QI implementation in the medical field. The AH framework states that QI 
adoption may be explained by 3 major factors:
• Content,
• Processes, and
• Context. Specifically, the implementation of QI will depend on:
1. Familiarity of an organization with QI content (eg, QI information 
accessibility, QI applicability, and awareness about QI);
2. Organizational processes used to implement the QI innovations (eg, 
communication/feedback, education, leadership, and task integration); and
3. QI context that represents the resources, policy, or management environment 
where QI innovations are being implemented, including:
– The internal attributes of an organization implementing QI (eg, 
culture/climate, resources/support, structure/staffing, and workload), 
and
– External features that influence an organization’s decision to 
implement QI (eg, competition, external mandates, and 
reimbursement policies).
According to strategic management theory, organizations that align themselves with their 
unique market environments are better positioned to achieve their goals.22,23 Researchers 
have studied the external environment’s influence on hospitals’ adoption of information 
technology,24 electronic health records,25 and on LHDs’ performance of essential public 
health services.26 More recently, Yeager and colleagues16 applied resource dependency 
theory to assess the correlation of environmental factors (eg, primary care physicians per 
capita) and LHDs’ QI initiatives.
In this study, we hypothesize that LHDs would be more likely to undertake QI initiatives if 
LHDs:
• Have previously applied recommended QI frameworks (eg, Six Sigma) (content 
factors in the AH model).
• Have conducted activities that contain QI elements or prerequisites, such as staff 
training in QI methods, participated in performance improvement programs, and 
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community health assessment. For instance, community health assessment is a 
prerequisite for accreditation. And the objective of accreditation is QI (process 
factors in the AH model).
• Have more financial and manpower resources and a better QI infrastructure (eg, 
higher per capita expenditure, designated QI staff) (internal context factors in the 
AH model).
• Are located in a community with more medical resources (eg, primary care 
physicians and hospital beds per capita). In these communities, clinical providers 
might have implemented QI in their practices, which through the process of peers 
pressure and diffusion of innovations could promote adoption of QI at LHDs) 
(external context factors in the AH model) (Figure).
Methods
Data
The data on LHD QI activities come from module 1 of the 2010 National Association of 
County & City Health Officials Profile Study.27 The complete technical documentation, 
including the instruments, is available for review on the National Association of County & 
City Health Officials Web site.28 The overall response rate for the 2010 Profile survey was 
82% (2107 of 2565 LHDs); and the response rate for module I, which contained all 
questions on QI, was 85% (531 of 624 LHDs). We merged the Profile survey data with the 
Area Resource File (ARF, 2010 edition) and the Association of State and Territorial Health 
Officials (ASTHO) 2010 survey by federal information processing standards codes to 
establish proxies for factors affecting QI adoption as described in the Figure.
Measurement
Outcome measures—Two outcome indicators of QI initiatives were examined in this 
study. The first outcome variable “QI implementation,” was intended to measure the 
proportion of LHDs that reported implementation of any QI activities. It was created by 
using LHDs responses to the following 4 statements that best characterized LHDs’ QI 
activities:
1. The LHD has implemented a formal QI program agency-wide.
2. Formal QI activities are being implemented in specific programmatic or functional 
areas of the LHD but not on an agency-wide basis.
3. LHD’s QI activities are informal or ad hoc in nature.
4. The LHD is not currently involved in QI.
In our analysis, we coded the first 3 responses as “1” and the last response as “0” to define 
this variable.
The second outcome variable is intended to measure the intensity of QI implementation 
activities as established by the number of formal QI projects implemented by those engaged 
in any QI activities. The 2010 Profile questionnaire defined a formal project as “a systematic 
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QI initiative that includes an aim statement; a work plan with tasks, responsibilities; 
intervention strategy(ies); and measures for tracking change.” The formal QI projects 
variable was based on the following question from the Profile Study: “In the past 12 months, 
how many formal projects has your LHD implemented to improve the quality of a service, 
process, or outcome?” (This question was asked only from the subset of LHDs that chose the 
first 3 responses to the first outcome variable described earlier.) The responses to the 
question included “none,” “1–3,” “4–6,” “7–10,” and “11–20” formal projects. Given that 
the frequency of selecting the last 3 categories was small (see details in the “Results” 
section), we decided to combine them into one category. Thus, we coded this formal QI 
projects variable (as count variable) by the number of formal QI projects into 3 categories: 
“none” as “0,” “1–3 projects” as “1,” and “4 or more projects” as “2.”
The selection of independent variables was guided by the aforementioned AH model20 and 
other prior research.24–26,29 We included the following variables as proxies for QI content, 
process, and context factors influencing QI implementation:
QI content: Per the AH model,20 QI content refers to QI accessibility and applicability. In 
the 2010 Profile Study, LHDs were asked whether they used any of the following 
frameworks or approaches to QI in the past year: Balanced Score Card, Baldridge 
Performance Excellence Criteria, Lean, Plan-Do-Check-Act, Six Sigma, or other. We 
included this variable as a proxy for QI content. It is coded “1” if any of the frameworks was 
selected, otherwise as “0.”
Process factors: The process factor variables selected from the 2010 Profile Study include 
the following: (1) participation in performance-related programs (Yes/No), including 
“Turning Point,” “National Public Health Performance Standards,” and “Multi-state 
Learning Collaborative; (2) LHD staff QI training (Yes/No); (3) establishing an agency-wide 
strategic plan in the past 5 years (Yes/No); and (4) completion of community health 
assessment in the past five years (Yes/No). These process variables were selected to re-flect 
exposure to early QI initiatives (1), level of training in formal QI methods, and organization-
wide efforts, such as strategic planning and community health assessments, that may include 
various QI elements (3 and 4).
Context: Internal factors: The following internal factor variables were selected from 
responses to the 2010 Pro-file Study Core questionnaire to reflect LHDs’ foundational 
capacities, which are important factors to multiple LHDs activities, including QI 
implementation: (1) Annual LHD expenditure per capita was calculated as total LHD public 
health expenditure divided by the total jurisdiction population. We took the logarithmic 
value of this variable to correct for skewedness in distribution. (2) The number of LHD 
employees in full-time equivalents per 10 000 people. (3) Characteristics of LHD director, 
including full-time employment (Yes/No), length of tenure as LHD director (in years), and 
LHD director master’s degree (Yes/No). (4) LHD’s workload (total number of activities 
performed [a total of 87 activities/services were surveyed in the 2010 Profile Study] by an 
LHD divided by the total full-time equivalents at the LHD). (5) Having a designated QI 
staff.
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Context: External factors: The following proxy measures of external factors were selected 
from the 2010 Profile, ARF file, and the 2010 ASTHO survey:
1. From the 2010 Profile Study: Jurisdiction population size (<50 000, 50 000–499 
999, 500 000+); jurisdiction type (one county/single city vs multicounty/multicity/
combined); governance (decentralized [local] vs state/shared); presence of local 
board of health (Yes/No).
2. From the ARF: Poverty rate, number of primary care physicians (general practice) 
per 10 000 population, number of hospital beds per 10 000 population, presence of 
a federally qualified health center (FQHC) (Yes/No). These ARF variables were 
measured at the county level. For LHDs whose jurisdictions cover several counties, 
the population-weighted average was calculated for the 3 ratio variables. For LHDs 
whose jurisdictions were city/multicity, and hence did not match a specific county’s 
federal information processing standards code, data from the ARF were merged 
with the 2010 Profile Study data by zip code. The FQHC variable was coded “1” if 
there was at least 1 FQHC in the county, and coded as “0” otherwise.
3. From the 2010 ASTHO survey: State agency QI implementation variable was 
obtained from responses of state public health agency officials to the question: 
“Does your state/territorial health agency have its own QI process in place? 
Responses included “Yes, fully implemented department-wide”; “Yes, partially 
implemented department-wide”; “Yes, fully implemented for specific programs”; 
“Yes, partially implemented for specific programs”; and “No.” We coded the first 4 
“Yes” responses as “1” and the “No” response as “0.”
Statistical analysis
We first used χ2 tests and t tests to provide descriptive statistical analyses of QI 
implementation and formal QI projects variables. Then, we ran a binary logistic regression 
model and an ordinal regression model to assess associations of the factors as depicted in the 
Figure with the 2 outcome variables QI implementation and formal QI projects, respectively. 
We assessed proportional odds assumption for the ordinal regression model analysis and it is 
appropriate to use ordinal regression (P = .47). Analyses were conducted using Stata 11 
(College Park, Texas) survey procedures. We used survey weights provided by the 2010 
Profile Study to account for the complex sampling design and obtain nationally 
representative estimates. Results were considered significant if P < .05.
Results
Descriptive results
In 2010, overall, 84.43% (95% confidence interval [CI], 81.06–87.82) of LHDs reported 
undertaking any type of QI activities (formal and informal/ad hoc). Specifically, 14.82% 
(95% CI, 11.69–17.96) of LHDs reported implementation of an agency-wide formal QI 
activity; 30.29% (95% CI, 26.18–34.39) implemented formal QI activities in specific 
programmatic or functional areas but not on an agency-wide basis; 39.33% (95% CI, 34.87–
43.79) were involved in informal or ad hoc QI activities; 15.56% (95% CI, 12.18–18.94) did 
not report any QI activity at all (Table 1).
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Among the subset of LHDs (n = 449) that reported participating in formal or informal QI, 
73.12% (95% CI, 68.21–77.20) (not shown in Table 1) reported implementing at least 1 
formal QI project. Specifically, 56.58% (95% CI, 51.70–61.46) implemented 1 to 3 projects; 
16.54% (95% CI, 13.10–19.98) and 26.88% (95% CI, 22.39–31.37%) did not implement 
any formal QI projects (Table 1).
Table 2 presents LHD bivariate descriptive statistics results. First, we divided LHDs into 2 
subsamples by the QI implementation (Yes/No) variable. LHDs were more likely to 
implement QI if they had already participated in performance-related activities, completed a 
community health assessment in the past 5 years, or completed strategic planning. Those 
LHDs in jurisdictions with a population of 500 000+, having local board of health, higher 
per capita public health expenditure, or a full-time agency director were more likely to 
implement QI.
Second, we categorized LHDs into 2 groups by the formal QI projects (Yes/No) variable. As 
shown, LHDs that used at least 1 QI framework, participated in performance-related 
activities completed strategic planning, or provided staff QI training, were more likely to 
have implemented QI projects. LHDs were more likely to implement formal QI projects in 
jurisdictions with a population of 500 000+, having higher per capita public health 
expenditure, more staff members, having an agency director with a master’s degree, with 
less workload, or having a designated QI staff. LHDs with one-county/single-city 
jurisdiction were less likely to implement formal QI projects.
Logistic regression results
Table 3 displays results of 2 logistic regressions with QI implementation and formal QI 
projects as dependent variables. As shown in model 1, the probability of LHDs to implement 
any QI activities was positively correlated with the completion of a community health 
assessment in the past 5 years (adjusted odds ratio [AOR] = 3.56; 95% CI, 1.35–9.36), 
participation in performance-related activities (AOR = 4.74; 95% CI, 2.05–10.98), a high per 
capita public health expenditure (AOR = 2.40; 95% CI, 1.28–4.50), or existence of a local 
board of health (AOR = 2.62; 95% CI, 1.04–6.59).
As shown in model II, LHDs having used at least 1 QI framework (AOR = 2.53; 95% CI, 
1.42–4.49), having completed a community health assessment in the past 5 years (AOR = 
3.28; 95% CI, 1.30–8.28), with a higher per capita public health expenditure (AOR = 1.62; 
95% CI, 1.01–2.60), having a designated QI staff (AOR = 3.97; 95% CI, 2.07–7.64), or in a 
jurisdiction population size of 500 000+ (AOR = 3.85; 95% CI, 1.14–10.31) were likely to 
implement more QI projects. One-county/single-city LHDs (AOR = 0.43; 95% CI, 0.19–0. 
95) were likely to implement fewer QI projects (Table 3).
Discussion
This study attempted to identify the factors associated with LHDs’ QI initiatives by applying 
a new AH framework on QI from the medical field to public health. Different from prior 
research, this study systematically assessed QI content, process, and contextual factors that 
could influence QI implementation at LHDs. The findings of this study may provide 
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important insights for public health leaders and practitioners engaged in the current 
accreditation movement with a focus on QI.
QI content
Our analysis suggests that the use of a QI framework (a proxy for QI content factor) was 
significantly associated with implementing formal QI projects. This finding suggests that 
knowledge of QI frameworks, such as Plan-Do-Study-Act, Six Sigma, Lean, may assist with 
and promote the implementation of formal QI projects at LHDs. However, the 2010 Profile 
Study data indicated that among the 339 LHDs that reported completion of 1 or more QI 
projects, approximately half of them (50.4%) did not report any use of the QI frameworks 
surveyed in the Profile Study (data not shown in Table 1). It is unclear whether LHDs 
applied other frameworks, but this finding suggests that some LHDs may not be associating 
the implementation of formal QI with application of standard frameworks or methods.
Process factors
With regard to process factors, 2 of the 4 factors included in our analyses are significantly 
correlated with the QI implementation and QI projects variables. First, completion of a 
community health assessment within the past 5 years was positively associated with both QI 
implementation and QI projects. The aim of the community health assessment is to collect 
data on health status of the population, identify important factors that impact health, areas 
for health improvement, and resources that can be used for health improvement.30 Since the 
release of the Public Health Accreditation Board national voluntary public health 
accreditation program, the completion of a health assessment is a prerequisite for 
accreditation.30 This may mean that current accreditation initiatives could contribute to more 
QI initiatives at LHDs. Yet, evidence also suggests that more efforts are needed to facilitate 
LHDs’ in community health assessment, community health improvement plan, and strategic 
planning.31 Second, participation in past performance-related activities, such as “Turning 
Point” “National Public Health Performance Standards,” and “Multi-state Learning 
Collaborative,” was also positively associated with QI implementation (analytical model I). 
An earlier report found that LHDs that participated in the Multi-state Learning 
Collaborative,2 an early QI program, made significant progress in QI.32 The other 2 process 
variables, staff QI training and completion of strategic planning, were significant factors in 
bivariate analyses. Thus, our findings suggest that these well-established processes helped 
LHDs prepare for improved QI uptake.
Internal factors
For internal factors, our analysis indicated that LHDs with a higher per capita expenditure 
(analytical models I and II) were more likely to engage in QI initiatives. This finding is in 
line with prior research that established a link between larger financial and human resources 
and better LHD performance in general.33–36 Since QI initiatives are usually adopted to 
improve performance, the positive association between funding level and QI initiatives 
makes sense. Another internal factor variable—a designated QI staff at LHDs, was also 
statistically significant (analytical model II), suggesting that creating a position of a 
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performance improvement manager (a strategy used by National Public Health Improvement 
Initiative) may be a viable strategy to promote QI within and across LHDs.
External factors
Our analysis of external factors suggests that LHDs with a larger jurisdiction population size 
(analytical model II) and local board of health (analytical model I) are more likely to 
undertake QI, which is consistent with prior research.34,35 A negative association between 
one-county/single-city jurisdiction type and QI initiatives found in the analysis may suggest 
the need for a more focused, nuanced, and targeted approach to promoting QI for LHDs in 
one-county/single-city jurisdictions. In addition, the results of our analysis of other external 
factors (primary care physicians, hospital beds, poverty rate, and presence of FQHC) 
suggested that these factors were not significant influences in undertaking QI initiatives for 
LHDs. For example, the primary care physicians variable is not significant in either 
analytical model I or II (P = .11 and P = .21), suggesting no association between this 
important medical infrastructure variable and LHD QI initiatives. Yet, an earlier study using 
the 2008 Profile Study data by Yeager and colleagues29 found that the number of primary 
care physicians per capita was significant and positively related to all staff members 
receiving QI training at LHDs. Different study design could account for the difference. For 
instance, they included 7 QI related process factors as the dependent variables. Further, our 
analysis controlled more covariates, such as QI process factors. The systematic approach 
applied in our analysis is an important step in understanding factors affecting QI initiatives 
at LHDs.
Additional analyses revealed that among these 339 LHDs, approximately 7% did not 
implement any of the essential elements for formal QI as surveyed in 2010 Profile Study: 
“mapping a process,” “identifying root causes,” “obtaining baseline data,” “setting 
measurable objectives,” “testing the effects of an intervention,” “analyzing the results of the 
test,” or “formally adopting a tested intervention.” It is not clear whether other QI elements 
that were not included as survey items in the Profile Study might have been applied by these 
LHDs. These findings may suggest that some LHDs did not fully understand what formal QI 
is or how to implement formal QI.
In addition to the 2010 Profile Study, the National Association of County & City Health 
Officials also surveyed QI implementation in the 2005 and 2008 Profile studies. The 2008 
Profile Study indicated that 55% of LHDs reported active engagement in formal QI 
activities,18 and the 2005 Profile Study data indicated that 71% of LHDs had been involved 
in quality and performance improvement activities during the past 3 years.37 However, 
because of wording changes of the questions in these 3 surveys, LHDs’ progress in QI could 
not be assessed. Yet, the 45% of LHDs that implemented formal QI in 2010 is comparable 
with the 55% of LHDs that implemented formal QI in 2008 because the 2008 Profile Study 
included “formal” QI in the question (ie, “Has your LHD undertaken any formal QI or 
performance improvement efforts in the past two years?”). The budget and staff cuts during 
the recent economic recession38 could possibly account for the reported decline in QI 
initiatives. Nevertheless, a consensus definition of QI13 and consistent questions should be 
used in future surveys.
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Limitations of this this study should be noted. First, all responses are self-reported and could 
be subject to report bias. Second, formal QI projects are subject to different interpretation 
and understanding, which, as a result, could lead to misclassification of responses. Third, 
some other factors, such as LHD leadership involvement in QI (a process factor), which was 
noted as an important factor in several other studies,39,40 was not included. Fourth, we 
applied multiple comparisons in the analyses. Thus, interpretation of findings needs to take 
into consideration type I error. Nonetheless, most results are significant at P = .01. Fifth, 
although the 2010 Profile Study data were the most current data at the time of the study, 
LHDs were just at the early stage to adopt QI techniques and developing competencies in 
using QI in 2010. Therefore, QI progress needs to be updated with new data. Finally, this 
study is cross-sectional and therefore causal or temporal relationships are not possible to 
ascertain.
Future research
The year 2010 probably marked the point in time when LHDs began to embrace 
accreditation and QI. Further study is needed to assess the progress and pitfalls of QI 
implementation at LHDs, including whether well-established QI approaches were applied 
and whether the implemented QI initiatives achieved its intended objectives. Additional 
studies are needed to estimate the cost of QI and identify strategies in implementing QI, 
including data collection. A separate study is needed to evaluate improvements in efficiency 
and effectiveness resulting from QI initiatives at LHDs. Further research using different 
theoretical models to identify the enabling and restraining factors that impact QI is also 
needed.
Conclusion
Our analysis indicates that a substantial proportion of LHDs are still not involved in 
implementing QI initiatives by 2010. The 2010 Profile Study revealed that about 16% of 
LHDs did not undertake any QI activities and more than a quarter of LHDs surveyed did not 
report implementing formal QI projects in 2010. The current level of adoption of QI in 
public health may be improved, and additional efforts are needed to promote QI in LHDs, 
especially for one-county/single-city jurisdiction LHDs, and LHDs with limited resources. 
Targeted investments in QI programs and designation of QI staff seem to be effective 
strategies to increase the number of LHDs that implement QI initiatives. The validity and 
interrater reliability of the definition of a formal QI project need to be established. The AH 
model applied in this study provided a useful framework to identification of external and 
internal factors that influence QI implementation at LHDs. More research is needed to 
further validate the model with new data sets.
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FIGURE. 
A Conceptual Model of Local Health Department’s Undertaking QI Initiatives
Abbreviation: QI, quality improvement.
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TABLE 1
Distribution of LHDs by Implementing QI and by QI Projects Implemented
QI by LHDs % 95% CI
QI implementation (N = 522 LHDs) 84.43 81.06–87.82
 A formal QI program agency-wide 14.82 11.69–17.96
 A formal QI program in specific programs 30.29 26.18–34.39
 LHD’s QI is informal and ad hoc 39.33 34.87–43.79
 Not involved in QI 15.56 12.18–18.94
Number of QI projects (N = 449 LHDs)
 None 26.88 22.39–31.37
 1–3 56.58 51.70–61.46
 4–20 16.54 13.10–19.98
Abbreviations: LHD, local health department; QI, quality improvement.
J Public Health Manag Pract. Author manuscript; available in PMC 2016 April 14.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Luo et al. Page 15
TA
B
LE
 2
D
es
cr
ip
tiv
e 
St
at
ist
ic
s o
f L
H
D
s C
on
du
ct
in
g 
A
ny
 Q
I I
nit
iat
ive
s 
(Q
I I
mp
lem
en
tat
ion
) a
nd
 Fo
rm
al
 Q
I P
roj
ect
s
QI
 Im
ple
me
nt
ati
on
Fo
rm
a
l Q
I P
ro
jec
ts
Va
ri
ab
le
s
Ye
s
95
%
 C
I
N
o
95
%
 C
I
Ye
s
95
%
 C
I
N
o
95
%
 C
I
Co
nt
en
t f
ac
to
r
U
sin
g 
QI
 fr
am
ew
o
rk
N
A
a
49
.5
2b
43
.8
–5
5.
25
7.
21
2.
06
–1
2.
35
Pr
oc
es
s f
ac
to
rs
H
ea
lth
 a
ss
es
sm
en
t
81
.0
7b
77
.1
3–
85
.0
1
56
.2
9
44
.3
7–
68
.2
0
83
.3
6
79
.0
4–
87
.6
9
76
.5
4
68
.0
4–
85
.0
3
Pa
rt
ic
ip
at
io
n 
in
 p
er
fo
rm
an
ce
-re
la
te
d 
ac
tiv
iti
es
50
.2
5b
45
.1
8–
55
.3
2
13
.0
7
4.
79
–2
1.
34
54
.8
3c
48
.9
8–
60
.6
8
37
.3
2
27
.5
7–
47
.0
8
St
ra
te
gi
c 
pl
an
ni
ng
 in
 th
e 
pa
st 
5 
y
42
.9
2b
38
.1
0–
47
.7
4
17
.9
4
8.
97
–2
6.
92
48
.3
4b
42
.6
8–
54
.0
0
29
.4
2
20
.6
8–
38
.1
7
St
af
f Q
I t
rai
nin
g
N
A
a
80
.7
3b
76
.1
0–
85
.3
5
55
.2
9
45
.2
8–
65
.3
0
In
te
rn
al
 fa
ct
or
s
Pe
r c
ap
ita
 P
H
 ex
pe
nd
itu
re
 (l
og
)
3.
70
d
3.
62
–3
.7
9
3.
33
3.
00
–3
.6
5
3.
79
c
3.
70
–3
.8
9
3.
47
3.
29
–3
.6
5
FT
Es
 p
er
 1
0 
00
0 
po
pu
la
tio
n
7.
47
6.
61
–8
.3
3
6.
20
2.
85
–9
.5
5
7.
94
d
6.
82
–9
.0
5
6.
29
5.
18
–7
.4
1
Fu
ll-
tim
e 
ag
en
cy
 d
ire
ct
or
93
.0
9c
90
.4
4–
95
.7
2
83
.0
0
73
.7
6–
92
.2
4
94
.8
9
92
.2
1–
97
.5
7
87
.9
7
81
.3
8–
94
.5
5
D
ire
ct
or
 h
av
in
g 
m
as
te
r’s
 d
eg
re
e
52
.8
8
47
.7
9–
57
.9
6
42
.6
5
30
.4
1–
54
.8
9
56
.8
1d
50
.9
3–
62
.6
9
42
.2
7
32
.3
3–
52
.2
1
D
ire
ct
or
’s
 te
nu
re
 o
f o
ffi
ce
, y
8.
25
7.
47
–9
.0
2
7.
99
5.
93
–1
0.
05
8.
60
7.
66
–9
.5
3
7.
39
6.
00
–8
.7
8
W
o
rk
lo
ad
e
2.
93
d
2.
53
–3
.3
3
5.
07
3.
06
–7
.0
8
2.
45
c
2.
10
–2
.8
0
4.
16
3.
06
–5
.2
6
D
es
ig
na
te
d 
QI
 st
aff
N
A
a
38
.3
5b
32
.8
5–
43
.8
5
13
.0
3
6.
59
–1
9.
47
Ex
te
rn
al
 fa
ct
or
s
Ju
ris
di
ct
io
n 
po
pu
la
tio
n 
siz
e
 
<
50
 0
00
60
.2
3d
55
.6
6–
64
.8
0
72
.6
3
62
.9
4–
82
.3
2
55
.0
0c
49
.5
0–
60
.5
0
73
.2
3
65
.2
5–
81
.2
2
 
50
 0
00
–4
99
 9
99
33
.9
0
29
.5
1–
38
.2
9
25
.2
3
15
.7
3–
34
.7
3
37
.9
8
32
.7
0–
43
.2
6
24
.1
5
16
.3
7–
31
.9
3
 
50
0 
00
0+
5.
87
4.
35
–7
.4
0
2.
14
0.
02
–4
.2
6
7.
01
5.
06
–8
.9
8
2.
62
0.
65
–4
.5
8
O
ne
 c
ou
nt
y/
sin
gl
e 
ci
ty
89
.4
8
86
.7
7–
92
.2
0
86
.3
1
78
.4
3–
94
.1
9
87
.5
9d
84
.2
0–
90
.9
9
94
.2
0
89
.9
4–
98
.4
6
D
ec
en
tra
liz
ed
 (l
oc
al)
77
.1
7
73
.1
5–
81
.1
9
74
.0
9
64
.0
2–
84
.1
7
75
.3
5
70
.5
4–
80
.1
5
81
.2
3
73
.7
5–
88
.7
1
Pr
es
en
ce
 o
f l
oc
al
 b
oa
rd
 o
f h
ea
lth
78
.2
0c
74
.2
6–
82
.1
4
62
.0
1
50
.5
4–
73
.4
7
75
.6
1
70
.8
6–
80
.3
5
84
.4
5
77
.3
0–
91
.5
9
Po
v
er
ty
 ra
te
13
.6
3
13
.1
1–
14
.1
4
13
.5
8
12
.1
7–
14
.9
9
13
.8
2
13
.2
1–
14
.4
2
13
.2
1
12
.2
5–
14
.1
8
D
oc
to
rs
 p
er
 1
0 
00
0 
po
pu
la
tio
n
2.
43
1.
94
–2
.9
1
1.
82
1.
31
–2
.2
5
2.
41
1.
81
–3
.0
4
2.
26
1.
62
–3
.1
2
J Public Health Manag Pract. Author manuscript; available in PMC 2016 April 14.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Luo et al. Page 16
QI
 Im
ple
me
nt
ati
on
Fo
rm
a
l Q
I P
ro
jec
ts
Va
ri
ab
le
s
Ye
s
95
%
 C
I
N
o
95
%
 C
I
Ye
s
95
%
 C
I
N
o
95
%
 C
I
H
os
pi
ta
l b
ed
s p
er
 1
0 
00
0 
po
pu
la
tio
n
34
.1
6
30
.3
9–
37
.9
2
34
.6
3
25
.7
8–
43
.4
9
34
.5
9
30
.1
6–
39
.0
1
33
.7
1
26
.3
3–
41
.0
9
Pr
es
en
ce
 o
f F
QH
C
55
.2
3d
50
.3
1–
60
.1
5
70
.4
3
59
.4
3–
81
.4
3
56
.5
4
50
.8
4–
62
.2
3
51
.1
0
41
.1
8–
61
.0
1
St
at
e 
ag
en
cy
 c
on
du
ct
ed
 Q
I
91
.1
0
88
.1
9–
94
.0
1
93
.3
3
87
.6
0–
99
.0
6
90
.3
6
86
.9
1–
93
.8
2
92
.9
2
87
.3
8–
98
.4
6
A
bb
re
v
ia
tio
ns
: F
QH
C,
 fe
de
ral
ly 
qu
ali
fie
d 
he
al
th
 c
en
te
r; 
FT
E,
 fu
ll-
tim
e 
eq
ui
v
al
en
t; 
LH
D
, l
oc
al
 h
ea
lth
 d
ep
ar
tm
en
t; 
QI
, q
ua
lity
 im
pro
v
em
en
t.
a S
ki
p 
qu
es
tio
n 
in
 m
od
el
 I.
b P
 <
 
.
00
1
c P
 <
 
.
01
d P
 <
 
.
05
.
e T
o
ta
l n
um
be
r o
f a
ct
iv
iti
es
 p
er
fo
rm
ed
 b
y 
an
 L
H
D
 d
iv
id
ed
 b
y 
th
e 
to
ta
l F
TE
s a
t t
he
 L
H
D
.
J Public Health Manag Pract. Author manuscript; available in PMC 2016 April 14.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Luo et al. Page 17
TA
B
LE
 3
Lo
gi
sti
c 
Re
gr
es
sio
n 
Re
su
lts
 o
f F
ac
to
rs
 A
ss
oc
ia
te
d 
W
ith
 L
H
D
s’
 Q
I I
mp
lem
en
tat
ion
M
od
el
 I 
DV
: 
QI
 Im
ple
me
nt
ati
on
M
od
el
 II
 D
V:
 F
o
rm
a
l Q
I P
ro
jec
ts
Va
ri
ab
le
s
AO
R
95
%
 C
I
P
AO
R
95
%
 C
I
P
Co
nt
en
t f
ac
to
r
U
sin
g 
QI
 fr
am
ew
o
rk
N
A
b
2.
53
1.
42
–4
.4
9
.
00
Pr
oc
es
s f
ac
to
rs
H
ea
lth
 a
ss
es
sm
en
t
3.
56
1.
35
–9
.3
6
.
01
3.
28
1.
30
–8
.2
8
.
01
Pa
rt
ic
ip
at
io
n 
in
 p
er
fo
rm
an
ce
-re
la
te
d 
ac
tiv
iti
es
4.
74
2.
05
–1
0.
98
.
00
1.
27
0.
69
–2
.3
2
.
44
St
ra
te
gi
c 
pl
an
ni
ng
 in
 th
e 
pa
st 
5 
y
1.
85
0.
64
–5
.3
5
.
26
0.
81
0.
45
–1
.4
6
.
48
St
af
f Q
I t
rai
nin
g
N
A
b
1.
06
0.
53
–2
.1
4
.
86
In
te
rn
al
 fa
ct
or
s
Pe
r c
ap
ita
 P
H
 ex
pe
nd
itu
re
 (l
og
)
2.
40
1.
28
–4
.5
0
.
01
1.
62
1.
01
–2
.6
0
.
04
FT
Es
 p
er
 1
0 
00
0 
po
pu
la
tio
n
0.
96
0.
89
–1
.0
4
.
34
1.
01
0.
98
–1
.0
4
.
59
Fu
ll–
tim
e 
ag
en
cy
 d
ire
ct
or
0.
79
0.
19
–3
.3
5
.
75
1.
74
0.
45
–6
.7
1
.
42
D
ire
ct
or
 h
av
in
g 
M
as
te
r d
eg
re
e
0.
44
0.
17
–1
.1
7
.
10
0.
92
0.
49
–1
.7
0
.
78
D
ire
ct
or
’s
 te
nu
re
 o
f o
ffi
ce
, y
0.
97
0.
93
–1
.0
2
.
31
1.
00
0.
98
–1
.0
3
.
75
W
o
rk
lo
ad
c
1.
09
0.
94
–1
.2
7
.
25
0.
97
0.
87
–1
.0
8
.
58
D
es
ig
na
te
d 
QI
 st
aff
N
A
b
3.
97
2.
07
–7
.6
4
.
00
Ex
te
rn
al
 fa
ct
or
s
Ju
ris
di
ct
io
n 
po
pu
la
tio
n 
siz
e 
(vs
 <5
0 
00
0)
 
50
 0
00
–4
99
 9
99
1.
87
0.
72
–4
.8
6
.
20
1.
82
0.
92
–3
.6
4
.
09
 
50
0 
00
0+
5.
20
0.
62
–4
3.
38
.
13
3.
85
1.
44
–1
0.
31
.
01
O
ne
 c
ou
nt
y/
sin
gl
e 
ci
ty
 (v
s o
the
rs)
0.
70
0.
16
–3
.0
8
.
64
0.
43
0.
19
–0
.9
5
.
04
D
ec
en
tra
liz
ed
 (l
oc
al)
 (v
s o
the
rs)
0.
68
0.
24
–1
.9
2
.
47
0.
96
0.
48
–1
.9
1
.
90
Pr
es
en
ce
 o
f l
oc
al
 b
oa
rd
 o
f h
ea
lth
2.
62
1.
04
–6
.5
9
.
04
0.
75
0.
41
–1
.3
7
.
35
Po
v
er
ty
 ra
te
0.
99
0.
91
–1
.0
8
.
88
1.
00
0.
94
–1
.0
6
.
94
D
oc
to
rs
 p
er
 1
0 
00
0 
po
pu
la
tio
n
3.
63
0.
73
–1
8.
01
.
11
1.
28
0.
87
–1
.8
8
.
21
H
os
pi
ta
l b
ed
s p
er
 1
0 
00
0 
po
pu
la
tio
n
0.
99
0.
98
–1
.0
1
.
45
1.
00
1.
00
–1
.0
1
.
24
Pr
es
en
ce
 o
f F
QH
C
0.
65
0.
27
–1
.5
9
.
34
1.
28
0.
72
–2
.3
0
.
40
St
at
e 
ag
en
cy
 c
on
du
ct
ed
 Q
I (
vs
 no
 fo
rm
al 
QI
)
1.
18
0.
32
–4
.4
0
.
80
0.
49
0.
15
–1
.6
4
.
24
J Public Health Manag Pract. Author manuscript; available in PMC 2016 April 14.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
Luo et al. Page 18
A
bb
re
v
ia
tio
ns
: A
O
R,
 a
dju
ste
d o
dd
s r
ati
o; 
DV
,
 
de
pe
nd
en
t v
ar
ia
bl
e;
 F
QH
C,
 fe
de
ral
ly 
qu
ali
fie
d 
he
al
th
 c
en
te
r; 
FT
E,
 fu
ll-
tim
e 
eq
ui
v
al
en
t; 
LH
D
, l
oc
al
 h
ea
lth
 d
ep
ar
tm
en
t; 
QI
, q
ua
lity
 im
pro
v
em
en
t.
a M
od
el
 I,
 b
in
ar
y 
lo
gi
sti
c 
re
gr
es
sio
n 
m
od
el
; m
od
el
 II
, o
rd
in
al
 re
gr
es
sio
n 
m
od
el
.
b S
ki
p 
qu
es
tio
n 
in
 m
od
el
 I.
c T
o
ta
l n
um
be
r o
f a
ct
iv
iti
es
 p
er
fo
rm
ed
 b
y 
an
 L
H
D
 d
iv
id
ed
 b
y 
th
e 
to
ta
l F
TE
s a
t t
he
 L
H
D
.
J Public Health Manag Pract. Author manuscript; available in PMC 2016 April 14.
